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Dihadron and y-hadron correlations from jet-induced medium excitation in 

high-energy heavy-ion colhsions 



Jet propagation is shown to produce Mach-cone-like medium excitation inside a quark-gluon plasma. However, 
only deflection of such medium excitation and jet shower partons by radial flow leads to double-peaked dihadron 
correlation in high-energy heavy-ion collisions. Dihadron correlations from harmonic flow, hot spots and dijets are 
studied separately within the AMPT Monte Carlo model and all lead to double-peaked dihadron azimuthal correlation. 
The y-hadron correlation has similar double-peak feature but is free of the contributions from harmonic flow and hot 
spots. Dihadron and y-hadron correlations are compared to shed light on jet-induced medium excitation and hot spots 
in an expanding medium. 

Keywords: Jet, y-jet, Mach cone, dihadron, hot spot, harmonic flow 



The quark-gluon plasma produced in heavy-ion collisions at RHIC is very opaque to energetic partons as shown 
by the observed strong jet quenching |T,Tl due to multiple scattering and induced parton energy loss [T]. The energy 
and momentum lost by a propagating parton will be transferred to the medium via radiated gluons and recoiled partons 
and lead to collective medium excitation in the form of Mach cones (HO. Such collective excitation by a propagating 
jet is expected to be responsible for the observed azimuthal dihadron correlation [W, 7| that has a double-peak on 
the back-side of a triggered high-pr hadron. However, hadron spectra from the freeze-out of the Mach cone in both 
hydrodynamics with realistic energy-momentum deposition by jets (H and string calculations in the hydrodynamic 
regime 1 8 1 fail to reproduce the observed conic azimuthal correlations. In this talk, we will report a recent study ID of 
medium excitation by a propagating jet shower using both a linear Boltzmann transport and AMPT model ifTOl . We 
will illustrate that while a Mach-cone-like excitation by a propagating jet in a uniform medium cannot give rise to a 
conic distribution of the final partons, deflection of the jet shower and the Mach-cone-like excitation in an expanding 
medium will result in a double-peaked azimuthal distribution. 

Recent studies also found that hydrodynamic expansion of hot spots or local fluctuation in the initial parton density 
under the influence of radial flow 1 1 1 1 and the triangular flow of dense matter with fluctuating initial geometry (l2\ all 
contribute to a double-peaked back-to-back dihadron correlation. With these difl'erent mechanisms contributing to the 
dihadron correlation, it is important to explore ways to separate difl'erent contributions and study the characteristics 
of the dihadron correlation from each of them. We will also report a recent study 1 13] on dihadron correlation as 
a result of harmonic flow or high order azimuthal anisotropy of hadron spectra, expanding hot spots, jets and jet- 
induced medium excitation. The dihadron correlation after subtraction of contributions from harmonic flow should 
come from medium modified jets, jet-induced medium excitation and expanding hot spots under strong radial flow 
in high-energy heavy-ion collisions. By successively randomizing the azimuthal angle of transverse momenta and 
transverse coordinates of initial jet shower partons, we can isolate the efl'ects of medium modified dijets, jet-induced 
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medium excitation and expanding hot spots. Because of the azimuthal uniform emission of direct photons, y-hadron 
correlation should be free of contributions from harmonic flow and hot spots and therefore is caused only by jet- 
induced medium excitations. We therefore propose to use comparative study of y-hadron and dihadron azimuthal 
correlations to disentangle contributions from expanding hot spots and shed light on the dynamics of jet-induced 
Mach-cone-like excitation in high-energy heavy-ion collisions 

One can study jet shower propagation and medium excitation through a linearized Monte Carlo simulation of the 
Boltzmann transport equation, 

Pi ' dfiipi) = -J dp2dp3dp4(fif2 - hU) |Mi2^34p 

including only elastic 1-^2^3-^4 processes as given by the matrix elements Mi2^34, where dpi = d^ pi/[2Ei(27r)^], 
fi = l/(eP''^^^ ± 1) (/ = 2, 4) are thermal parton phase-space densities in a medium with local temperature T and flow 
velocity u = (l,v)/ Vl - v^, / = (27r)^S^(p-pi)S^(x-Xi-Vit) (i = 1, 3) are the jet shower parton phase-space densities 
before and after scattering, and we neglect the quantum statistics in the final state of the scattering. We will consider 
quark propagation in a thermal medium and assume small angle approximation of the elastic scattering amplitude 
I^i2^34p = Cg'^is^ -h u^)/(t -\- fi^)^ with a screened gluon propagator, where s, t and u are Mandelstam variables, C=l 
(9/4) is the color factor for quark-gluon (gluon-gluon) scattering and ji is the screening mass which we consider here 
as a constant cut-off' of small angle scattering. The corresponding elastic cross section is dcr/dt = |Mi2^34p /ISns^. 

Our numerical simulations show | 9 | that recoil thermal partons from jet-medium interaction in a uniform medium 
do cause Mach-cone-like excitation. The low energy recoil partons around the neck of the Mach-cone-like excitation 
have a double-hump feature in the azimuthal distribution. However, low energy partons from the body of the Mach- 
cone-like excitation become dominate at later times and the final azimuthal distribution has only a broad single peak 
along the direction of the propagating jet due to diff'usion of the wake front. 
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Figure 1: (Color online) (left upper) Contour plot in the transverse (x-_y) and beam (x-z) plane of energy density excited by a quark jet shower with 
Ej = 20 GeV and initial position at ix,y,z) = (-4,0,0) fm and travels toward the center of the expanding medium. The azimuthal distribution 
of medium and jet shower partons when the jet shower travels against (left lower left) and perpendicular (left lower right) to the transverse flow, 
(right) Contour plot of initial parton density (in arbitrary unit) dN/dxdy in transverse plane in a typical AMPT central Au + Au event (b = 0) at 
= 200 GeV, with ellipticity €2 = 0.02 and triangularity 63 = 0.02 of the transverse parton distribution. 

In an expanding medium as described by a (3 -hi )D ideal hydrodynamical calculation lO, both the shape of the 
medium excitation and the azimuthal distribution of partons from the jet shower and jet-induced medium excitation 
are distorted by the transverse ffow and the non-uniformity of the dense medium as shown in the left panel of Fig. [T] 
For a tangentially propagating jet shower low pr partons from the jet shower and Mach-cone-like excitation are clearly 
deffected by both the density gradience and the radial ffow, giving rise to the azimuthal distributions that peak at an 
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Figure 2: (Color online) (left) AMPT results on dihadron azimuthal correlation before (dot-dashed) and after (solid) subtraction of contribution 
from harmonic flow Vn(n = 2 - 6) for p^^^ > 2.5 GeV/c and 1 < pj^° < 2 GeV/c. (right) Dihadron correlations after subtraction of harmonic flow 
with diff'erent values of geometric triangularity 63 for p^^^^ > 2.5 GeV/c and 1 < p^^*^ < 2 GeV/c . 



angle away from the initial jet direction. For jet showers that travel against the radial flow, the same deflection splits 
the azimuthal distribution of low pr partons to become a double-peaked one. 

Multiple scatterings in heavy-ion collisions lead to fluctuation in local parton number density or hot spots from 
both soft and hard interactions. Shown in the right panel of Fig.[T]is a contour plot of initial parton density distribution 
in transverse plane dN/dxdy of a typical AMPT event for central (b = 0) Au -\- Au collisions at = 200 GeV. The 
irregular distribution of hot spots will lead to harmonic flow due to collection expansion. The contributions from these 
harmonic flows to dihadron correlations can be calculated as 



/ 00 \ 
/(A0) = ^ 1 + X ^(^n'vr) COS nAcp , 



(2) 

where B is a normalization factor determined by the ZYAM (zero yield at minimum) scheme of background subtrac- 
tion , and v^^^^ are harmonic flow coefficients for trigger and associated hadrons. For the study of jet-induced 
medium excitation, it is important to isolate and subtract contributions from harmonic flows, especially the triangular 
flow, since it contributes the most to the double-peak structure of back-to-back dihadron correlation. Shown in the 
right panel of Fig. |2] are dihadron correlations before (dot-dashed) and after (solid) the removal of contributions from 
harmonic flows for p^^^ > 2.5 GeV/c and 1 < p^^^ < 2 GeV/c. Also shown in the figure are contributions from each 
harmonic flow n = 2-6 (dashed). These contributions are significant for up to ^ = 5 harmonics. 

As seen in the left panel of Fig. [2j dihadron correlation after subtraction of contributions from harmonic flows 
still has a double-peak feature on the away-side of the trigger due to jet-induced medium excitation and hadrons from 
expanding hot spots. The structure should be intrinsic to the jet-induced medium excitation and hot spots themselves 
and insensitive to the fluctuation of the initial geometry of the dense matter at a fixed impact-parameter. As shown 
in the right panel of Fig. |2] the dihadron correlations after subtraction of contributions from harmonic flows become 
independent on the initial geometric triangularity 63 . 

To study the structure of dihadron azimuthal correlation from jets and hot spots separately, we successively switch 
ofl' each mechanism in AMPT model calculations. By randomizing the azimuthal angle of each jet shower parton in the 
initial condition from HIJING simulations, we efl'ectively switch ofl' the initial back- to-back correlation of dijets. The 
dihadron correlation (dashed) after subtraction of hadronic flows denoted as "hot spots" in the left panel of Fig. |3] still 
exhibits a double-peak on the away-side that comes only from hot spots. It has roughly the same opening angle A0 ~ 1 
(rad) as in the full simulation (solid). However, the magnitude of the double-peaked away-side correlation is reduced 
by about 40%, which can be attributed to dihadron from medium modified dijets and jet-induced medium excitation. 
When we turn off' jet production in the HIJING initial condition, soft partons from string materialization can still form 
"soft hot spots" that lead to a back-to-back dihadron correlation (dot-dashed) with a weak double-peak. Jet shower 
partons increase the parton density in "hot spots" and lead to a stronger double-peak dihadron correlation than that of 
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Figure 3: (Color online) (left) Dihadron correlation (with harmonic flow subtracted) from AMPT with difl'erent initial conditions for p^^^ > 2.5 
GeV/c and 1 < < 2 GeV/c. See text for details on the difl'erent initial conditions, (right) Dihadron correlation (solid) compared with y-hadron 

correlation (dashed) from AMPT for pf^ih) > 4 GeV/c, pf^iy) > 15 GeV/c and 1 < < 2 GeV/c . 



"soft hot spots". Without jets in AMPT, one can further randomize the polar angle of transverse coordinates of soft 
partons and therefore eliminate the "soft hot spots". The dihadron correlation from such smoothed initial condition 
becomes almost flat (dotted). 

Since high-pr y's do not interact with the dense medium, their emission should be uniform in the azimuthal 
angle and uncorrelated with the harmonic flow and collective flow of the hot spots. Therefore, y-hadron correlation 
should only come from y- triggered jets and their shape should reflect directly the medium modification of the jets and 
jet-induced medium excitation. Shown in the right panel of Fig. [3] are dihadron correlations (solid) after subtraction 
of harmonic flow as compared with y-hadron correlation. The two correlations are comparable in magnitude but 
dihadron has a more pronounced double-peak which can be attributed to the addition of dihadrons from hot spots 
and the geometric bias toward surface and tangential emission that enhances deflection of jet showers and jet-induced 
medium excitation (91 by the radial flow. Such difl'erence is important to measure in experiments that will provide 
critical information on jet-induced medium excitation and evolution of hot spots in high-energy heavy-ion collisions. 
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EW-NOl and by the U.S. DOE under Contract No. DE-AC02-05CH11231 and within the framework of the JET 
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